Key words: Growth factors; monocyte chemoattractant protein 1; remnant kidney model; transforming growth Background. The mechanism of progression of estabfactor-b lished renal disease remains unclear. While a low protein diet slows this progression, the role of cytokines in this process has been little investigated.
chemoattractants for neutrophils and monocytes, may extraction. be involved in the localisation of these infiltrating cells
The remnant/sham kidney was wrapped in aluminium foil during glomerular inflammation. Monocyte chemoat-and pulverised with a hammer. The material was immediately tractant protein 1 (MCP-1) both attracts and activates transferred into cold RNAzol (Cinna/Biotecx, Friendswoods, monocytes, and is produced by a variety of cells either TX ) and homogenized with a Polytron (Brinkman constitutively or after stimulation, including mono-Instruments) for 10-20 s. RNA was isolated according to the guanidinium thiocyanate method with chloroform extraccytes, endothelial cells, smooth muscle cells and mestion, isopropyl alcohol precipitation, and ethanol purification angial cells [24 ] . MCP-1 has also been found in human [31] . The RNA pellets were stored at −20°C in 3 M sodium atherosclerotic plaques [25 ] and may therefore participacetate and ethanol.
ate in the pathogenesis of atherosclerosis, a process to which glomerulosclerosis has been likened [26 ] . The
Northern blot hybridization data on MCP-1 in different models of kidney disease are suggestive of a functional role of this chemokine RNA samples were checked for intact RNA by gel electroin renal injury [27] .
phoresis, and intact samples from 3-6 rats/group were pooled The remnant kidney model, a surgically induced after measurement of the OD at 260 nm. 30 mg of pooled injury, serves as a model of progressive FGS leading RNA was run on a 1% agarose gel containing 2.2 M formalto uraemia and has long been considered to be the dehyde. Equal loading was verified by ethidium bromide prototype of the adverse effects of hyperfiltration [28 ] . staining of the 18S and 28S band. RNA was transferred by vacuum blot ( Vacugene XL, Pharmacia, Uppsala, Sweden)
The beneficial effect of a low protein diet on the onto a nylon membrane ( Hybond-N, Amersham, Arlington histological outcome in several animal models has been Heights, IL). The blots were baked for 1-2 h at 80°C.
attributed to the decreased adaptive hyperfiltration
The following cDNAs were used for hybridization: a 1.2 kb and haemodynamic changes in the remaining intact PstI/SacI fragment of human IL-1b (provided by Dr C.
nephrons [29 ] , thereby ameliorating the sequelae of Dinarello, Tufts New England Medical Center, Boston, MA), renal ablation and preventing the progression of a 1.4 kb EcoRI fragment for sheep TNF-a (provided by Dr renal disease.
P. Maples, Baxter Healthcare, Round Lake, IL), a 1 kb
We studied cytokine expression in the whole kidney HindIII/XbaI fragment of rat TGF-b ( provided by Dr S. W. after renal ablation ( 5/6 nephrectomy) in rats fed with Qian, NCI/NIH, Bethesda, MD), a 655 bp EcoR1 fragment either a normal ( 24% protein) or low protein (6%) diet of rat MCP-1 (provided by Dr T. Yoshimura, NCI/FCRDC, Frederick, MD). A 1.3 kb EcoRI fragment of rat GAPDH to see whether a low protein diet modulated cytokine [32] Material and methods DNA. The blots were hybridized overnight ( 16-20 h) at 45°C in a hybridization buffer containing 6×SSPE, 5×Denhardt's 5/6 Nephrectomy and evaluation reagent, 0.5% SDS and 50% formamide. Posthybridization washes were performed 2×10 min in 2×SSPE/0.1% SDS at Thirty Sprague-Dawley rats ( Harlan, WI ) weighing 240-280 25°C, 2×30 min in 1×SSPE/0.5% SDS at 45°C. In some underwent 5/6 nephrectomy by right uninephrectomy and cases a high stringency wash was needed in 0.1×SSPE/0.5% microsurgical ligation of two branches of the left renal artery SDS at 45-60°C for 30-120 min. Autoradiography was under pentobarbital anaesthesia (Nembutal, Abbott, IL, performed at −70°C with intensifying screens for 24 h to 5 4.5 mg/100 g body weight). 18 sham-operated rats served as days. In all experiments RNA from a murine monocyte cell controls. The animals were fed with either a normal (24%) line (P338) ( ATCC, Bethesda, MD) stimulated with LPS or low ( 6%) protein diet ( Teklad, Madison, WI ); the diets was included as a positive control. The filters were rehybridwere isocaloric and did not differ in electrolyte, fat or vitamin ized with GAPDH to adjust for differences in loading and content. The animals were killed 2, 4 and 7 weeks after transfer. Autoradiographs were analysed with computer surgery; they were starved prior to killing and 24 h urine assisted densitometry using an Image Analysis Program samples collected for measurement of proteinuria and of (Quantimet 570 C, Leica) running Q Windows in order to GFR by creatinine clearance. Creatinine and total protein in determine the grey level and area of the bands. Cytokine serum and urine were measured on a Boehringer Mannheim/ expression level was normalised to that of the 'housekeeping' Hitachi 704 autoanalyser.
genes and relative values were obtained by setting the appropriate control group at one. Two analyses per cytokine and housekeeping gene were performed and the mean is given as
Killing and RNA extraction the result. The rats were anaesthetized with methoxyflurane ( PitmanMoore, Mundelein, IL) and killed by exsanguination. In Light microscopy order to remove circulating cells the kidney was perfused in situ with 30-40 ml of ice-cold 0.9% saline until it was Paraffin embedded kidney sections were stained with PAS. macroscopically blood free. After manual removal of the All glomeruli were counted and assessed for the presence of capsule the intact part of the kidney was separated from the segmental or global sclerosis. FGS and GGS was defined as the accumulation of acellular PAS-positive material with necrotic piece with a wide macroscopic margin. A small piece collapse of capillary loops in part of the glomerulus or the whole glomerulus respectively. Analysis was done in a blind fashion by counting at least 250 glomeruli per group ( Figure 1A-C ) .
Immunohistochemistry
In order to demonstrate the cytokines detected in Northern blots immunohistochemistry was performed with a polyclonal rabbit anti-LC antibody which detects intracellular TGF-b (15200 ) [33] ( kindly provided by Dr K. C. Flanders, NCI/NIH, Bethesda, MD) and a polyclonal rabbit anti-rat MCP-1 antibody (15200) (kindly provided by Dr T. Yoshimura) by using a modified four layer technique of alkaline phosphatase/anti-alkaline phosphatase staining [34 ] . PLP fixed, paraffin embedded midcoronal sections were deparaffinised with xylene and rehydrated with a series of alcohols. Sections were incubated with 1 mg/ml bovine testicular hyaluronidase (Sigma, St Louis, MO) in 0.1 M sodium acetate/0.85% NaCl, pH 5.5 for 30 min at 37°C. After rinsing in TBS/0.1% BSA non-specific staining was blocked by incubation in normal goat serum ( Kirkegaard and Perry, Gaithersburg, MD) for 30 min at 25°C. The primary antibody was applied and was incubated at 4°C overnight. Controls were incubated with a non-immune rabbit IgG preparation in the same dilution. After washing in TBS/0.1% BSA the second antibody, alkaline-phosphatase linked ( 1550) was added to sections, followed by an anti-alkaline phosphatase ( 1550) for 1 h incubation each at 25°C. Chromogen DAB (diaminobenzidine) ( Vector, Burlingame, CA) was added and colour development was monitored by microscopy.
For staining of macrophages a mouse monoclonal ED1 antibody (Serotec, Oxford, UK ) was used as described above using a peroxidase system in snap frozen sections postfixed in normal buffered formalin ( Kirkegaard and Perry, Gaithersburg, MD) with the following incubations: rabbit serum, ED1 ( 1550, pre-absorbed with rat serum), rabbitanti-mouse peroxidase labelled IgG ( Dako 1550), mouse PAP (Dako 1550 ) and DAB as chromogen.
Sections were counterstained with hematoxylin. TGF-b and MCP-1 staining was assessed only for localisation of the protein, ED1 positive cells were quantitated by counting an average of 100 glomeruli and 36 high power fields per group (in at least three animals).
Statistical analysis
All statistical analyses were performed using JMP version 3.0 (SAS Institute, Cary, NC ). Statistical comparisons were performed with the Tukey-Kramer's HSD test. A P-value of <0.05 was considered to be significant. 
Clinicopathological parameters
After 5/6 nephrectomy the rats developed progressive renal disease within two weeks. In the group fed with surgery which was significantly lower in the 6% group (P<0.05) ( Figure 3 ). There was no difference in GFR a 24% protein diet 2/16 rats were found dead before completing the study period of 7 weeks, while all rats between the two groups during the following study period. It should be noted that these measurements survived in the 6% protein group.
The 6% protein group showed significantly less pro-did not address the question of the 'functional' lowering of the GFR seen with a low protein intake. teinuria at all times (P<0.05) ( Figure 2 ). Both groups showed a significant decline in GFR two weeks after Focal and global glomerulosclerosis was significantly contrast the 6% protein group showed a decline of MCP-1 expression after 4 weeks to only 1.5-fold of controls and reached control levels after 7 weeks ( Figure 5 ).
In contrast, TGF-b was only modestly upregulated in 5/6 nephrectomized rats and did not show differences between the low and normal protein diet group. Both groups exhibited a consistent increase of between 120 and 160% compared to controls ( Figure 6 ).
Immunohistochemistry
MCP-1 was detected at the apical poles of distal tubular cells as well as in the focal sclerotic areas of the glomeruli of 5/6 nephrectomized rats (Figure 7 ) . It was not detected in sham-operated rats.
TGF-b staining was found to be positive exclusively in distal tubules in the region of the corticomedullary Staining with ED1 for monocyte/macrophages four reduced in the 6% group after seven weeks (P<0.05) weeks after surgery showed accumulation of positive ( Figure 4) . cells in both 5/6 Nx groups, with a significantly increased number of ED1 positive cells within the Cytokine expression glomerulus and the interstitial area in the 24% group compared to the 6% group ( Figure 9a ). Both 5/6 Il-1b and TNF-a could not be detected by Northern nephrectomized groups showed significantly more ED1 blot either in 5/6 nephrectomized or in control rats.
positive cells when compared to controls. Figure 9a However TGF-b and MCP-1 were found to be conand b show typical immunohistochemical findings. stitutively expressed in normal kidneys. Expression in whole kidneys from 5/6 nephrectomized rats was found to be different from the controls.
Discussion
MCP-1 expression differed markedly in the two nephrectomized groups. Both groups exhibited a 3-fold upregulation of MCP-1 expression 2 weeks after sur-Reduction of renal mass is one of the most widely used approaches to induce renal failure and often used gery. However after 4 weeks there was a different result in the two groups. Expression continued to rise in the as a model to study the events of uraemia.
'Compensatory' haemodynamic adaptation processes 24% protein group to 5.6-fold after 4 weeks and remained twice control levels even after 7 weeks. In in the remaining nephrons leading to increased glomer- Our data provide evidence that a low protein diet influences the expression pattern of MCP-1 in the remnant kidney. As in previous studies [36 ] the low protein diet group showed a significant decrease of FGS 7 weeks after ablation. MCP-1 expression was 3-fold upregulated 2 weeks after surgery independent of dietary protein, indicating an early response to ablation. Two weeks after extensive reduction of functioning renal tissue a local inflammatory response is present, possibly representing an attempt at repair. Dependent on the protein content of the diet, however, we found a further increase in MCP-1 expression only in the 24% protein 5/6 Nx group while the 6% protein 5/6 Nx group decreased to only 1.5-fold control levels after 4 weeks. This tendency was further emphasized by an expression of MCP-1 comparable to normal controls in the 6% protein 5/6 Nx group after 7 weeks, when the 24% protein 5/6 Nx group still exhibited an almost 2-fold increase.
Since the renal ablation model is surgically induced, it is interesting to find an upregulation of a proinflammatory cytokine such as MCP-1 in the remaining intact tissue. Within the remnant kidney an immunological process is initiated and maintained in normal undamaged tissue. The inflammatory reaction within the kidney was much more pronounced in the group fed with a normal protein diet. Floege et al. (1992 ) demonstrated in the remnant kidney early glomerular cell proliferation and PDGF expression preceding the development of glomerulosclerosis. Furthermore they documented continuous macrophage infiltration starting as early as 2 weeks after ablation and reaching a maximum after 10 weeks [37] . Our findings suggest that MCP-1 contributes to macrophage infiltration in this model. We found MCP-1 protein in the intraglomerular lesion as well as the apical pole of distal tubular cells. It is possible that this finding reflects uptake by the distal tubular cells of glomerularproduced MCP-1 from the glomerular filtrate. This may well represent a route of communication between glomerular, tubular and interstitial structures and ultimately contribute to the progressive destructive processes after the initial injury. There was a significant increase of ED1 positive cells in the interstitial as well as the glomerular area in the 5/6 Nx group fed with a normal protein diet compared to the 6% protein group. Glomerular macrophage influx has been found to be
a determinant of mesangial matrix expansion and the [36 ] . Consequently the chronic administration of a normal/high protein diet leading to hyperfiltration and pressure induced injury therefore induces an inflammatory response within the kidney representing a celluglomerular hypertrophy was hypothesized to be the responsible mechanism resulting in progressive glomer-lar/molecular signal of these processes. A possible link may be free oxygen radicals-generated in injured ular sclerosis not only after renal ablation, but also in other kidney diseases and in aging [29] .
tissue-which have been postulated to act as second
Healthcare Corporation, McGaw Park, IL, USA. Part of this work TGF-b was found to be only modestly increased in has been presented at the 1994 Annual Meeting of the Australian both groups after renal ablation over the whole study and New Zealand Society of Nephrology and published in abstract form in Kidney Int, 1994; 46: 938.
period. TGF-b with its multiple effects on ECM accumulation and its role in wound healing [13 ] has lately been focused upon as the major cytokine leading to glomerulosclerosis [42 ] . Data from the unilateral References 
